This paper presents analytical modelling of the axial-flexural behaviour of Reactive Powder Concrete (RPC) columns reinforced with and without steel fibres of different types (industrial and waste) in individual and hybrid forms. An analytical stress-strain model for unconfined RPC was used for the analysis of the axial loads and bending moments of the fibrous RPC columns. The layer-by-layer numerical integration method was used to calculate the axial load and bending moments in this study. The analytically developed axial load-bending moment ( P-M ) interaction diagrams were validated by using experimental results from the literature. A para-metric study was carried out to investigate the influence of the properties of steel fibres on the axial-flexural behaviour of fibrous RPC columns. It was found that the analytical unconfined stress-strain model used in this study well estimates the maximum axial loads and the maximum bending moments of the RPC columns re-inforced with and without different types of steel fibres. Also, the influence of the properties of steel fibres is more pronounced at eccentric and flexural loading 
Introduction 27
The interest in the utilization of Ultra-High Strength Concrete (UHSC) in construction is 28 increasing with the continuous development in the construction industry. Specifically, the use 29 of Reactive Powder Concrete (RPC), which is well known for its superior strength and 30 durability [1] [2] [3] [4] [5] , in structural members such as columns in lower stories is highly desirable. 31 However, the increase in the strength of the concrete is offset by an increase in the brittleness 32 of the concrete [6-8] which may expose the column to a sudden failure without prior notice. As greatly influence the load carrying capacity, toughness and the post peak behaviour of the 51 concrete [13] [14] [15] [16] . Moreover, some researchers explored the influence of combining different types of steel fibres to form hybrid steel fibres on the concrete to make use of the role of each 53 fibre in concrete to maximise the benefits of steel fibres included in the concrete. For instance, Fig. 1 ). Consequently, the axial load-bending moment interaction diagrams (P-M) of the RPC columns were developed analytically by applying the 105 stress-strain relationship model for unconfined RPC that was proposed by Al-Tikrite and Hadi
106
[31]. For RPC columns tested under eccentric and flexural loadings, the layer-by-layer 107 numerical integration method was used to analyse the columns' cross section.
109
For the RPC columns tested under concentric loading, the axial strength of the reinforced RPC 110 column was calculated using the expression given by Eq. 1:
where, is the nominal axial load, ′ is the compressive strength of RPC, is the gross area 
where, is the strain at any concrete strip, is the depth of the neutral axis and is the 127 maximum concrete strain which is normally taken as 0.003. However, in this study, that was 128 experimentally obtained has been used in Eq. 2 for all columns.
130
The stress in each concrete strip was determined by modelling the whole cross section 131 analytically as unconfined cross section using the continuous axial stress-strain curve that was
132
proposed by Al-Tikrite and Hadi [31] as presented as follows: The strain ε corresponding to the maximum stress and the modulus of elasticity of the 146 concrete can be determined by using the expression given by Eq. 7 and Eq. 8, respectively,
The force in the mid-height of each layer was calculated by using the expression given by Eq.
where, is the force at the mid-height of the layer, is the stress in the layer and is the 154 area of the layer. The bending moment at the mid-height of each layer was calculated by using 155 Eq. 10:
where, is the moment in the mid-height of the layer and 0 is the outer diameter of the 158 column.
159
The longitudinal reinforcing bars were placed at a distance of from the extreme compression 160 layer of the column. The strain and stress of each longitudinal bar were determined by using 161 the expressions given by Eq. 11 and Eq. 12:
where, the strain of each longitudinal steel bar, is the depth of the neutral axis, is 165 distance between the extreme compressive fibre to the centre of the ℎ longitudinal steel bars, 166 ε is the maximum concrete strain which is normally taken as 0.003 [32] , is the stress in 
where, is the cross sectional area of the steel bar.
173
The bending moment that was exerted in each longitudinal reinforcement steel bar around the 174 centroid of the columns' circular cross section was determined by using the expression given 175 by Eq. 14:
177 178
In summary, the nominal load , nominal moment and the eccentricity is obtained as 179 follows:
Moreover, the contribution of the steel fibre in strengthening the concrete in the tension zone 184 was considered in this study. 
Analytical versus Experimental P -M Interaction Diagrams

216
To validate the axial load-bending moment interaction diagrams (P-M) that were developed 217 analytically, a comparison was made with the axial load-bending moment interaction diagrams that were developed experimentally by Hadi and Al-Tikrite [25] and Al-Tikrite and Hadi [26] .
219
The experimental test results of the RPC specimens tested under concentric, eccentric and 220 flexural loadings are presented in Tables 2 and 3 .
222
The comparison between the analytical and the experimental P-M interaction diagrams is 223 shown in Fig. 4 . It is obvious that the analytical model that was proposed by Al-Tikrite and
224
Hadi [31] well matches the P-M interaction diagrams that were obtained experimentally. For
225
Specimens NF-E0, NF-E25 and NF-E50, the analytical maximum axial loads calculated by 226 using Al-Tikrite and Hadi [31] model are 90%, 82% and 77% of the experimental maximum 227 axial loads. The analytical maximum bending moments corresponding to the maximum axial 228 loads for Specimens NF-25, NF-E50 and NF-PB calculated with Al-Tikrite and Hadi [31] 229 model are 75%, 72% and 66%, respectively, of the experimental maximum bending moments.
231
The analytical P-M interaction diagrams that were developed using the proposed model of Al- The layer-by-layer numerical integration method was used for the analysis of the RPC column The parametric study shows that the variation in the diameter of steel fibre influences the peak 301 load and the corresponding moment of the fibrous RPC column undergoes eccentric loading. Table 3 . Experimental results of columns tested under flexural loading. 
